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Abstract 
Within the quality assurance programme for air quality monitoring in Europe the JRC 
European Reference Laboratory for Air Pollution (ERLAP) organises Inter-Laboratory 
Comparison Exercises (ILC) for EU national air quality reference laboratories.  
An ILC for the determination of PM (particulate matter) mass concentration (PM10 and 
PM2.5) and metals (lead, cadmium, arsenic, nickel) was organised at European level in 2018. 
Such an ILC comprises the comparison between the PM samplers, the subsequent weighing 
procedures and further analysis of sampled filters used by the various participants.  
Samplers are therefore co-located for several days so that the number of test samples is large 
enough for statistical analyses. Thanks to the interest for this type of ILC and to the 
commitment from the AQUILA Network members, 27 Laboratories plus the European 
Reference Laboratory for Air Pollution deployed their instruments at a single place inside the 
premises of the Joint Research Centre in Ispra (Italy) during the same period of time (18 
January – 14 March 2018). 28 samplers and one automatic analyser for PM10 and 23 samplers 
and one automatic analyser for PM2.5 collected ambient aerosol samples during a period of 
eight weeks.  
During this PM sampling campaign 13 laboratories agreed on performing subsequent metal 
analysis to verify the performance of their analytical method for the determination of metal 
concentration in ambient air. The samples for this analysis were collected from February 15th 
until the March 14th 2018. 
The scope of this inter-laboratory comparison was to assess the robustness of the 
measurement process and to determine the performance of the participants’ procedures. For 
this ILC a simplified statistical analysis is reported.  
The assigned daily values were calculated as the robust average of all participants.  
The statistical evaluation included the reproducibility calculation, straggler and outlier 
identification.   
The exercise offered a unique opportunity to compare, between the participants, the whole 
analytical process from sampling to measurement step. 
 All As. Cd, Ni, Pb concentrations were far below any limit or target value concentration. 
Despite the fact that the metals concentrations were very low the performance of all 
laboratories can be considered as excellent.  
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1 Introduction 
Particulate matter is considered the most harmful air pollutant in outdoor ambient air. Toxic 
metals in PM present a significant risk to both the global environment and human health and 
are therefore regulated by European legislation and international environmental agreements.  
Considerable quantities of toxic metals have been released into the atmosphere from various 
combustion processes and industrial activities. Despite important reductions in emissions 
through developments in industrial processes and abatement technologies, the ecological and 
health risks associated with current and historical emissions are still important.  
Toxic metals can reside in or be attached to Particulate Matter (PM), can be transported over 
long distances, and can remain in the environment, circulating through the air, water and land 
for long periods. Although atmospheric concentrations, and subsequent exposure through 
inhalation, are usually low, anthropogenic air emissions contribute to the deposition and 
build-up of metals in soils, sediments and organisms. Toxic metals are persistent in the 
environment and some bio-accumulate, meaning that concentrations build up in living 
organisms and in the food chain, leading to human exposure by consuming contaminated 
food. 
 
The 2004 and 2008 Air Quality Directives limit and target values are summarised in the 
following table. 
 
Table 1:  EU limit and target values for Pb, Cd, As and Ni.  
Pollutant Averaging period Standard type and 
concentration 
Comment 
Pb Calendar year EU limit value: 0.5 
μg/m3 
Measured as content 
in PM10 
Cd Calendar year EU target value: 5 
ng/m3 
Measured as content 
in PM10 
As Calendar year EU target value: 6 
ng/m3 
Measured as content 
in PM10 
Ni Calendar year EU target value: 0.5 
μg/m3 
Measured as content 
in PM10 
Source: ‘JRC, 2020’ 
 
Much has been done in recent decades to reduce As, Cd, Ni and Pb emissions and ambient air 
concentration and deposition in Europe through improved control and abatement techniques 
and targeted international and EU legislation. 
The highest air concentrations are typically measured at industrial sites, as the main emission 
sources are related to combustion processes and industrial activities. As expected, the lowest 
concentrations are measured at rural background stations. 
The air monitoring network for toxic metals is not as widespread as that for the other 
regulated air pollutants. This is probably because concentrations of these metals are generally 
low and below the Lower Assessment Threshold (LAT). According to EEA’s Air Quality in 
Europe Report in 2018, between 647 and 698 stations reported measurement data for the 
metals (As, Cd, Pb and Ni). 
4 
In general metal concentrations in Europe’s ambient air are rather low. The concentrations 
during the year 2016 for Pb showed that no station was above the limit value. 99% of the 
stations measured below the Lower Assessment Threshold. In case of Cd, As and Ni between 
0.7% and 1% of the measurement stations reported concentrations above the target value. 
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2 Organisation of the comparison 
In the period 18th January to 14th March 2018 the JRC organised a field comparison exercise 
in Ispra (IT). 27 National reference laboratories came to Ispra, installed amongst others their 
PM10 reference samplers and sampled PM10 loaded filters during 56 days. More details on 
the PM2.5/PM10 exercise and its evaluation can be found in the JRC Technical Report EUR 
29939 EN.  
Fig. 1: PM concentrations during the metals sampling 
 
Source: ‘JRC, 2020’ 
 
The PM10 concentrations during the metal sampling exceeded the PM10 daily limit value 
during a few days only.  At the Ispra site the PM10 fraction is composed mainly of fine 
particles. 
Taking the occasion of the PM sampling NRLs were asked to express their interest in measuring 
the metal content of their PM10 filters (first announcement September 2017). Following a call 
for registration in November 2017, 13 NRLs expressed their interest in measuring the metal 
content after weighing their loaded filters. One of the 13 laboratories did not carry out 
sampling on their own, but received loaded and blank filters from JRC sampling. During the 
first weeks of the PM sampling campaign filters were as well used to obtain data for PAH 
measurement performance (JRC technical report EUR 29764 EN). The sampling for the metals 
was carried out from February 15 to March 14 of 2018. 
Participants of the metal exercise received an excel data sheet for reporting As, Cd, Ni and Pb 
data in May 2018. They were asked to report by June 2018. The last results arrived in 
November 2018. A first visual draft evaluation of the results was sent out to the participants 
in December 2018. During the AQUILA meeting in January 2019 the results were discussed 
and the further evaluation procedure agreed. Due to the fact that the rural Ispra site has very 
low metal concentrations, it was not possible to have measurements in the region of the limit 
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or target values, as given in the Air Quality Directives of 2008 and 2004. Therefore an 
evaluation of the performance relative to the Directives data quality objectives has not been 
undertaken. 
AQUILA agreed to evaluate the robust average from all participants’ data (ISO/IEC 17043) and 
to identify stragglers and outliers via the Grubbs testing procedure. 
 
2.1 Measurement site - Location 
A measurement site, the roof of a water reservoir (building 35a) on the premises of the Joint 
Research Centre of the European Commission in Ispra, Italy, has been chosen. The area is 
fenced with restricted access. 
The site is situated in the pre-alpine area in northern Italy. Both high and low concentrations 
of particulate matter could be expected, as the site is on one hand influenced by the highly 
polluted Po-valley, on the other hand exposed to situations with strong foehn winds from the 
Alps transporting clean air. 
The roof of JRC building 35a is around 1-2 m above ground and free of surrounding obstacles. 
Roads around the building are frequented by JRC personnel only, mainly in the morning, lunch-
time and at the end of a working day. Figure 1 shows the area around the measurement site. 
Fig. 2: Measurement platform  
 
 
 
 
 
 
 
 
 
 
Source: ‘JRC, 2020’ 
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2.2 Participants 
The participants in the following table conducted the metal exercise. 
Table 2:  Participants to the comparison exercise.  
Code Country Laboratory 
A Italy Italian Institute for Environmental Protection and Research 
B Hungary Hungarian Meteorological Service 
C Croatia Institute for Medical Research and Occupational Health 
D Czech Republic Czech Hydrometeorological Institute 
E Austria Office of the Upper Austria Government 
F Slovenia Slovenian Environment Agency 
G Belgium Scientific Institute for Public Services 
H Lithuania Lithuanian Environmental Protection Agency 
I Norway Norwegian Institute for Air Research 
J Belgium Flanders Environment Agency 
K Germany State Agency for Nature, Environment and Consumer 
Protection Northrhine Westphalia 
L Spain National Health Institute Carlos III 
M United Kingdom National Physical Laboratory 
Source: ‘JRC, 2020’ 
 
2.3 Equipment and measurement method 
The sampling equipment used was either a Digitel DHA 80 sampler (flow rate 30 m3/h), Leckel 
SEQ 47/50 (flow rate 2.3 m3/h), Derenda PNS 18 (flow rate 2.3 m3/h) or TCR Tecora (flow rate 
2.3 m3/h). 
NRLs were asked to analyse the filters in line with the AQDs reference method EN 14902 
(2005) (Ambient Air Quality – Standard method for the measurement of Pb, Cd, As and Ni in 
the PM10 fraction of suspended particulate matter). The method is based on microwave 
digestion of loaded filter material in HNO3/H2O2 followed by quantitative analysis by means of 
ICP-MS or GF-AAS. 
Nearly all laboratories used ICP-MS, laboratory B used ICP-OES and laboratory H used GF-AAS. 
Standard EN 14902 (2005) is asking for quality control measures such as the use of certified 
reference material. Laboratory B didn’t report the use of CRMs. 
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Table 3:  CRMs used by the Participants.  
Reference material Used by laboratories 
ERM CZ 120 (PM10-like) A, C, F, H, K 
NIES 8 (vehicle emissions) A, E 
NIST 1648 (urban PM) D, G, J, L 
BCR 176 (fly ash) I 
NIST 2783 (PM on filter) M 
Source: ‘JRC, 2020’ 
 
The accreditation of metal measurement is as well not wide spread among the NRLs.  
2.4 Data Evaluation 
The original data from all participants can be found in annex I. 
The participants generally reported low to acceptable blank values. Ni blanks were higher and 
more spread than blanks of the other metals.  
As metal concentrations were low and far away from limit or target values of the Air Quality 
Directives, it was decided by the AQUILA Network not to perform any evaluation of 
performance such as z-score or EN. It has been agreed to perform only the following actions 
on the data: 
- calculation of robust average,  
- straggler and outlier identification, 
- graphical presentation of participants results in comparison to robust average. 
Data capture was different from laboratory to laboratory. For example, Laboratory H had the 
possibility to analyse only three filters. Depending on the metal, the limit of detection was 
underrun for several laboratories. Laboratories B and H didn’t report As results, because their 
measurements were below the detection limit of their method. 
2.5 Stragglers & Outliers 
The Grubbs outlier test was performed according to ISO 5725 part 2. Data leading to the 
exceedance of the 1% critical value were considered outliers. Data leading to the exceedance 
of the 5% critical value were considered stragglers. In brackets min\max indicates the side 
where a critical value has been exceeded. 
In the following table outliers and stragglers are reported. 
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Table 4: Outliers and stragglers for Pb 
Day Laboratory Outlier/straggler 
9 A Outlier (max) 
10 A Straggler (max) 
27 A Outlier (max) 
Source: ‘JRC, 2020’ 
 
 
Table 5: Outliers and stragglers for Cd 
Day Laboratory Outlier/straggler 
1 K Straggler (max) 
5 A Outlier (max) 
6 A Outlier (max) 
7 A Straggler (max) 
9 A Outlier (max) 
12 A Outlier (max) 
Source: ‘JRC, 2020’ 
 
 
Table 6: Outliers and stragglers for As 
Day Laboratory Outlier/Straggler 
2 A Outlier (max) 
3 A Straggler (max) 
4 A Outlier (max) 
5 A Outlier (max) 
6 A Outlier (max) 
9 A Outlier (max) 
15 L Outlier (max) 
16 A, L Outlier (max) 
17 A, L A Straggler (max), L Outlier (max) 
18 L Outlier (max) 
19 L Outlier (max) 
20 L Outlier (max) 
21 L Outlier (max) 
22 L Straggler (max) 
23 L Outlier (max) 
24 L Outlier (max) 
Source: ‘JRC, 2020’ 
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Table 7: Outliers and stragglers for Ni 
Day Laboratory Outlier/Straggler 
3 A Outlier (max) 
4 A Outlier (max) 
6 M Straggler (min) 
7 I Outlier (max) 
11 G Outlier (max) 
13 A, I A Straggler (max), I Outlier (max) 
15 M Outlier (max) 
18 G Outlier (max) 
20 G Outlier (max) 
25 A Straggler (max) 
26 A Outlier (max) 
28 A Outlier (max) 
Source: ‘JRC, 2020’ 
 
 
 
 
 
 
11 
3 Data presentation 
Outliers and stragglers are removed in this graphical presentation. In Table 8 the 
reproducibility and robust average for each day is presented. 
Fig. 3: Pb data presentation with robust average indicated 
 
Source: ‘JRC, 2020’ 
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Fig. 4: Cd data presentation with robust average indicated 
 
Source: ‘JRC, 2020’ 
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Fig. 5: As data presentation with robust average indicated 
 
Source: ‘JRC, 2020’ 
 
 
Laboratories B, H., all data below LoD, also other labs struggle with LoD. 
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Fig. 6: Ni data presentation with robust average indicated 
 
Source: ‘JRC, 2020’ 
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Table 8: Robust average and reproducibility for each day 
Day Robust Ave. Pb ng/m3 
Reproducibility 
Pb % 
Robust Ave. 
Cd ng/m3 
Reproducibility 
Cd % 
Robust Ave.  
As ng/m3 
Reproducibilit
y As % 
Robust Ave. 
Ni ng/m3 
Reproducibility 
Ni % 
1 7.76 25.6 0.21 12.9 0.39 19.7 15.24 24.1 
2 11.40 22.7 0.29 35.5 0.54 16.0 4.17 209.9 
3 20.86 26.9 0.44 40.8 0.81 23.1 3.41 38.2 
4 10.40 37.4 0.25 41.2 0.52 22.1 1.56 86.8 
5 4.80 24.9 0.17 13.3 0.32 14.4 0.73 78.2 
6 10.53 24.0 0.24 16.2 0.49 16.2 1.63 40.0 
7 6.18 26.9 0.15 15.4 0.38 24.6 1.76 70.6 
8 5.55 24.9 0.22 24.0 0.44 18.0 1.47 93.2 
9 3.27 22.7 0.12 13.3 0.23 16.5 0.65 149.4 
10 4.91 25.2 0.14 18.0 0.33 13.4 1.24 92.5 
11 4.74 26.8 0.13 19.9 0.40 25.0 0.55 51.2 
12 5.23 28.5 0.15 16.0 0.39 15.5 0.74 99.5 
13 4.60 30.3 0.20 21.7 0.38 20.1 4.04 35.3 
14 8.92 29.4 0.29 15.4 0.52 18.5 1.81 73.5 
15 8.99 26.0 0.26 19.0 0.59 16.4 2.02 69.2 
16 8.14 24.2 0.24 19.2 0.49 11.8 1.17 63.3 
17 4.22 29.9 0.12 23.3 0.28 18.2 0.89 103.9 
18 4.03 23.0 0.12 19.9 0.30 29.1 0.57 30.9 
19 6.91 35.5 0.18 23.8 0.32 31.8 0.93 70.8 
20 6.43 24.3 0.17 16.4 0.31 23.6 0.72 24.3 
21 11.85 28.4 0.22 23.3 0.46 20.5 1.97 87.2 
22 3.63 27.5 0.11 23.5 0.36 24.7 3.36 36.8 
23 5.75 33.0 0.13 34.4 0.26 23.7 1.53 70.0 
24 4.19 20.8 0.13 24.6 0.27 21.3 1.05 86.7 
25 1.76 29.9 0.06 29.4 0.14 34.6 0.46 130.5 
26 2.27 29.6 0.07 68.2 0.17 24.6 1.26 59.4 
27 4.38 17.2 0.10 28.2 0.29 27.0 2.78 32.4 
28 0.98 47.0 0.04 115.7 0.12 30.8 0.89 85.0 
Source: ‘JRC, 2020’ 
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4 Conclusions 
The concentrations of As, Cd, Ni and Pb were far below the EU limit or target values. Therefore, 
no conclusion can be drawn on the laboratory performance with regard to the 2004/107/EC 
and 2008/50/EC air quality Directives data quality objectives. 
Despite the low concentrations the measurement performance showed satisfying agreement. 
Most laboratories use the certified reference material ERM CZ 120 for quality control. Quality 
control with adequate reference materials is crucial for successful measurement results. 
At higher concentration levels the measurement uncertainties didn’t pose any problem with 
regard to the EU Directives’ data quality objectives. 
A future Inter-laboratory comparison should be organised at an industrial measurement site 
with higher concentrations of the desired elements. 
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5 Annex 1: reported data 
5.1 Laboratory A (Italy) 
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5.2 Laboratory B (Hungary) 
 
 
 
 
19 
 
 
5.3 Laboratory C (Croatia) 
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5.4 Laboratory D (Czech Republic) 
 
21 
5.5 Laboratory E (Austria) 
 
 
22 
5.6 Laboratory F (Slovenia) 
 
23 
5.7 Laboratory G (Issep – Belgium) 
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5.8 Laboratory H (Lithuania) 
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5.9 Laboratory I (Norway) 
 
26 
5.10 Laboratory J (VMM – Belgium) 
 
 
27 
 
5.11 Laboratory K (Germany) 
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5.12 Laboratory L (Spain) 
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5.13 Laboratory M (United Kingdom) 
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List of abbreviations and definitions 
As  Arsenic 
Cd  Cadmium   
Ni  Nickel  
Pb  Lead 
EU  European Union 
PM  Particulate matter 
PM10  Particulate Matter in the size fraction ≤ 10 µm aerodynamic diameter  
PM2.5  Particulate Matter in the size fraction ≤ 2.5 µm aerodynamic diameter  
ERLAP  European Reference Laboratory for Air Pollution 
JRC  Joint Research Centre of the European Commission 
EC  European Commission 
ISO  International Organization for Standardization 
Avg  Average 
R  Reproducibility 
ILC  Inter-laboratory comparison exercise 
LAT  Lower Assessment Threshold 
EEA  European Environment Agency 
LoD  Limit of Detection 
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